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CONVERSION FACTORS

For readers who prefer metric units rather than English units, the conversion
factors for the terms used in. this report are listed below. The empirical
relations presented in the text were developed in English units and cannot be
used with metric units without first deriving the metric equivalent of the
regression constant.

Multiply English unit - - - By To obtain metric unit
acres 4.047 x 1073 km? (square kilometers)
acre-ft (acre-feet) 1.233 x 1073 hm? (cubic hectometers)
ft (feet) 3.048 x 1071 n_(meters)
ft3 (cubic feet) 2.832 x 1072 m3 (cubic meters)
ft3/s (cubic feet per second) 2,832 x 10-2 m3/s (cubic meters
ger second)
(ft3/s)/mi2 (cubic feet per 1.093 x 10"2 (m3/s)/km? (cubic meters
second per square mile) per second per
square kilometer)
in (inches) 2.540 x 10*1 - mm {millimeters)
mi (miles) 1.609 km (kilometers)
mi? (square miles) 2.590 km? (square kilometers)

v
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MAGNITUDE AND FREQUENCY OF FLOODS IN CALIFORNIA

By A. 0. Waananen and J. R. Crippen

ABSTRACT

The magnitude and frequency of floods from gaged and ungaged drainage
areas in California, for any recurrence interval from 2 to 100 years, can
be estimated by use of the method presented. Equations relating flood
magnitudes of selected frequency to basin characteristics such as drainage
area, precipitation, and altitude were developed for six regions in the
State. Nomographs are included for solution of the equations. The regression
equations were developed for streams that have natural flow or flows not
substantially affected by storage. '

Annual flood peak discharges for more than 700 streamflow stations with
records generally for 10 years or more, including more than 340 stations on
streams with basins smaller than 10 square miles, were analyzed with respect
to several drainage-basin characteristics., The drainage-basin areas ranged
in size from 0.01 to 9,020 square miles. Maximum known peak discharges are
shown and their relation to drainage area defined. Discharge rates greater
than 1,000 cubic feet per second per square mile resulting generally from
summer storms were observed in only 25 basins smaller than 25 square miles,
most of which are in southern California or in desert areas,

Data on basin characteristics used in the regression analyses, in
addition to those applicable to the regional equations, are tabulated to
provide pertinent basic information for use in other studies and evaluations.
Some adjustments to the estimated peak discharges for urbanization effects,
based on flood-peak ratios for developed and undeveloped areas, are suggested.
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2 MAGNITUDE AND FREQUENCY OF FLOODS IN CALIFORNIA
INTRODUCTION

Studies of flood magnitude and frequency in California, based on the
analysis of available streamflow records, have provided information generally
applicable for streams with drainage areas greater than 10 miZ, A need has
existed, however, for information on the magnitude and frequency of floods in
small streams--streams with drainage areas generally less than 25 mi2, and
particularly less than 10 mi2. The determination of flood frequency for these
small streams has been hampered by lack of adequate hydrologic data.

Collection of flood data for small streams was expanded beginning in
October 1958 under a cooperative program between the U.S. Geological Survey
and the California Department of Water Resources, the California Division of
Highways (now Department of Transportation), the U.S. Forest Service, and the
Federal Highway Administration.

Peak-discharge data for the streams and sites included in the study are
available in the annual reports, "Water Resources Data for California,' the
water-supply-paper series, "Surface-Water Supply of the United States, Parts 10
and 11," and the report, "Floods From Small Drainage Areas in California, A
Compilation of Peak Data, October 1958 to September 1973," (Waananen, 1973).

Purpose and Scope

This report describes methods for evaluating the magnitude and frequency
of floods at gaged and (or) ungaged sites in California. The purpose is to
provide a base for the study of floods and the review and extension of flood
magnitude-frequency relations by agencies and individuals who are concerned
with the management and control of floods, highway construction, and other
related work.

The small streams program has provided flood information for about
300 streams. The records range in length from 10 to 1S years. Other
data-collection programs have provided information for nearly 120 additional
small streams. These data supplement the records previously available for
about 70 small streams, '

Streamflow records indicate that the wide range of climatic and topographic
conditions in California produces wide variations in watershed response to
precipitation. Documentation of some of the extreme hydrologic responses has
been provided by records of long duration or by measurements of unusually

large floods. Records at least 10 years in length generally may be reasonably
representative of discharge at many sites. In the absence of such records,
procedures such as those presented herein provide means for estimating flood
potential. The relations presented are not applicable to regulated streams or

© to streams where the natural flow regimen has been significantly altered.
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INTRODUCTION 3

The flood-frequency g%%ﬁnique presented herein was derived from analysis
of annual flood-peak discharges for 705 stations with records ranging in
length from 5 to 87 years., The drainage areas ranged from 0.0l to 9,020 miZ2.
The principal difference between this study and previous studies is the
additional data available for small streams,

Multiple-regression analysis was used to correlate flood discharges with
selected basin characteristics and to develop appropriate regional relations.
Although many basin characteristics were determined and investigated, the
number retained in the equations was reduced for simplicity and practicality
but without undue sacrifice of the accuracy of the flow estimate. The charac-
teristics investigated were selected on the basis of the results of prior
investigations, ease of determination, and the results of the regression
analysis,

Previcus Studies

A series of reports entitled "Magnitude and Frequency of Floods in the
United States' was published by the U.S. Geological Survey as water-supply
papers. These reports provided summaries of flood data and presented methods
for determining flood magnitude and frequency at ungaged sites. Data and
methods for the Great Basin (Part 10) are given in Water-Supply Paper 1684
(Butler and others, 1966). Data and methods for the Pacific slope basins in
California (Part 11) are presented in two parts by Young and Cruff (1967)--
coastal basins south of the Klamath River basin and Central Valley drainage
from the west are reported in Water-Supply Paper 1685 and those for the
Klamath and Smith River basins and Central Valley drainage from the east are
reported in Water-Supply Paper 1686, The applications of these methods are
limited to the range of the data and generally to drainage basins greater
than 10 mi? in area.

An analysis of the magnitude and frequency of floods, as well as other
streamflow characteristics, was included in the Geological Survey open-file
report, "A Proposed Streamflow Data Program for California," (Crippen and
Beall, 1970). Data for selected streams, available as of September 1967,
obtained at 385 sites were included in the evaluation; nearly one-fourth of
these sites had drainage basins less than 25 mi? in area.

Waananen (1973) summarized annual peak-discharge data for small streams
with drainage basins less than 25 mi? for 1958-73.




4 MAGNITUDE AND FREQUENCY OF FLOODS IN CALIFORNIA
ESTIMATION OF DESIGN FLOW
Method

A method for estimating peak discharge, or design flow, at selected
recurrence intervals at sites on streams in Califormia is outlined below. The
procedure is based on regional flood-frequency analysis and is subject to the
limitations described herein.

1. Locate the site on the map in figure 5 at the end of the report and
determine from tables 5 and 6 at the end of the report if a streamflow record
has been obtained nearby on the same stream, or on nearby streams. Note also
the flood-frequency region in which the site is located.

2, If a record exists for the site being studied, or nearby on the same
stream, check table 5 for peak discharge at the desired recurrence interval at
the gaged site and table 6 for the length of record and the maximum peak
discharge of record. Frequency analysis of a long-term station record (more
than 20 years) usually provides the best estimate of the flood-producing
characteristics of a basin. Then:

a. If a gaged site is nearby

(1) Use the gaged data directly as equivalent to that at the
site when the drainage-area difference is small (usually less than 5 percent)
and a relatively long record is available; or

(2) Adjust the peak discharge for the difference in drainage
area by using the relation Qu = Qg (Au/Ag)b where Qu and Qg are the discharges
at the ungaged and gaged sites, Au and A_ are the drainage areas, and b is an
exponent, the value for which can be selected from the exponents for the
drainage area (A) given in the equations in table 1; or

b. If no gaged site is reasonably nearby, or if the available records
are short, compute the peak discharge values from the applicable regional

flood-frequency equations in table 1, as outlined in step 3. Data on basin
characteristics are given in table 5.

3. a. For ungaged streams, or sites not near a gage, inspect the
applicable regional equations in table 1, note which basin characteristics are
needed, and determine the appropriate values, as follows:

Drainage area (4), in square miles, is determined by outlining on
the best avaiYable topographic map, usually U.S. Geological Survey 7%- or
15-minute map sheets, the surface-water divide upstream from the point of
interest and determining the area by planimetering.

:-;-‘
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- 5BRSTIMATION OF DESIGN. FLOW. ..

Mean annual precipitation (P), in inches, is determined by
evaluating the average precipitation over the outlined drainage area using an
isohyetal map such as the map "Mean Annual Precipitation in the California
Region'" prepared by Rantz (1969).

Altitude index (#), in thousands of feet, is computed as the
average of the altitudes at points along the main channel of the stream
10 and 85 percent of the distance from the site to the basin divide, as
outlined on the topographic map.

b. Compute the peak discharge for the desired recurrence intervals
directly through use of the appropriate regional equations or the nomographs
in figures 6-15 at the end of the report.

4, Check the estimated peak discharge values, particularly for the
longer recurrence intervals, for reasonableness by comparing them with the
maximum peak discharge of record for nearby streams (table 6) and the maximum
discharge in relation to drainage area (fig. 1). Comparison of station-
frequency values with regional computed values for nearby gaged streams
provides further evaluation of the station versus regional relations in the
vicinity.

5. Peak discharge values for recurrence intervals between 2 and
100 years other than 2, 5, 10, 25, 50, and 100 years can be determined by
plotting station values determined from table 5, or values computed from the
equations, on probability paper as a function of the frequency and drawing a
smooth curve through the points. Peak discharge for the desired recurrence
interval, or the return period for a given peak discharge, can then be
estimated from the curve.

6. Investigate further to determine if adjustments of the discharge
values are necessary because of urbanization, fires, or other effects.
Techniques for some adjustments, or evaluation of the possible magnitudes of
the effects, are discussed briefly in the section on "Augmented Flood
Discharge."

7. Peak discharge for basins smaller than about 200 acres may
also be estimated reasonably by the Rational Method (Wright-McLaughlin
Engineers, 1969) described in textbooks and manuals. The Rational Method,
however, has some limitations, and the frequency or return period of the
computed discharge is assumed to be that for the rainfall period used.




MAGNITUDE AND FREQUENCY OF FLOODS IN CALIFORNIA

TABLE 1.--Regional flood-frequency equations

[@ = Peak discharge, subscript indicates recurrence interval, in years;

A = Drainage area in square miles; P = Mean annual precipitation in
inches; H = Altitude index in thousands of feet]

NORTH_COAST REGION! NORTHEAST REGION2
Qs = 3,52 AO.QOPO.BSH'—O-H‘J’ (1) Qs = 22 AO.#O (N
Qs = 5.04 A49.8%p0.9174-0.35 (2) Qs = 46 A40.45 (8)
Qo = 6.21 A0.88p0,93p-0.27 (3) @10 = 61 A0-49 (9)
Q5 = 7.64 A40:87p0 . 9%4py-0,17 (4) Q25 = 84 A0-5% (10)
@so = 8.57 40.87p0.96y=0-08 (5) Qsp = 103 AO.ST (11)
Q100 = 9.23 A0.87p0.97 (6) Qio0 = 125 40-59 (12)

STERRA REGION CENTRAL COAST REGION

Q2 = 0,24 40.88pl.58g5-0.80 (13) Q2 = 0.0061 40-92p2.54y-1.10 (19)
Qs = 1.20 40.82pl.374-0.64 (14) Qs = 0.118 4%.91pl.355-0.79 (20)
Q10 = 2.63 20-80p1.25,-0.58 (]5) Gio =  0.583 40.90p1.615-0.64 (37)
Qz5 = 6.55 A°'79P1‘123-0'52 (16) Qo5 = 2.91 AO.BSPI.ZSH-O.SO (22)
Qsg =10.4 A0.78Pl.063—0-43 (17) Qso = 8.20 A0.39P1.03H'0-"*1 (23)
Q100 =15.7 A0.77P1.OZH'0.'+3 (18) Qoo = 19.7 AU.&BPU.GLIH'O-33 (24)

SOUTH COAST RBCION SOUTH LAHONTAN-COLORADO DESERT REGION?
@, = 0.14 A0-72pl.62 (25) Q@ = 7.3 40.30 (31)
Qs = 0.40 A0-77pl.869 (26) Qs = 53 A0k (32)
Qig = 0.63 49:79p1.75 (27). Q0 = 150 40.53 (33)
Qa5 = 1.10 A0-81pl.81 (28) Qzs = 410  A0.63 (34)
@sp = 1.50 40.82pl.85 (29) Q@sg = 700 40.68 (35)
Q100 = 1.95 40-83p1.87 (30) Qg0 = 1080  490.71 (36)

1in the North Coast region use a minimum value of 1.0 for the altitude

index (#).

2These equations are defined only for basins of 25 mi? or less in area.

T T L v R TP TR T I




DISCHARGE, IN CUBIC FEET PER SECOND

. .~ BSTIMATION OF DESIGN FLOW

l! L] L) T III!II T T T illl!i ¥ T l!lllll F L) TTrrTT
CREAGER ENVELOPING CURVE OF MAXIMUM
PEAK DISCHARGES IN CALIFORNIA

LIMIT OF 1965 DATA
100,000 (MATTHAL 1969)

1000

EXPLANATION

10253700
Gaging mtation
and number
. M1
Miscellaneous
site

1ol T AT T e |

-l

o Ll S BURT |

1

001 &l ! 10
DRAINAGE AREA, IN SQUARE MILES

FIGURE 1.--Maximum peak discharges in relation to drainage area.

1 P S WU ) M Y v by f P N | I YR | ' W R
100 1000

i)



rﬁﬁ

- 8 MAGNITUDE AND FREQUENCY OF FLOODS IN CALIFORNIA %

Maximum Peak Discharge

An evaluation of the relative magnitude and the credibility of peak
discharge estimates at ungaged sites can be obtained by comparison with known
maximum peak discharges. The magnitude and frequency of flood discharges in
California vary widely throughout the State owing to variations in the
hydrologic environment. Information about the maximum flodds of record in the
several hydrologic regions thus provides a basis for estimating flood potential
at ungaged sites. The maximum known peak discharge in an area, for example,
could be used as a design flow or as a basis for comparison with that of floods
of selected frequency estimated by magnitude-frequency techniques.

The relative magnitude of peak discharge in Califormia is indicated in
figure 1, Virtually all available data for drainage basins smaller than
about 25 mi? are included in the plotted data, together with significant
maximum peak discharge values for basins as large as 9,020 mi? in area. These
data include the values listed in table 6, the maximum discharges of record
for many other streams, and selected large flood-discharge values determined
at miscellaneous sites.

Discharges shown for basins less than 25 mi? in area are representative of
natural flow, with little or no regulation by lakes and reservoirs. The data
for many of the large basins in the State relate to floods that occurred prior
to substantial development of storage and diversions, and thus may be indicative
of the flood-producing potential. In other basins, the extensive long-term
development of the water resources would preclude determination of natural-flow
conditions, but the peak discharges in those streams still are of substantial
magnitude and should be considered in the overall analysis of peak discharge,

Lines designating peak discharge at rates of 100, 500 and 1,000 (£t3/s)/mi?
are shown on the graph (fig. 1) to identify unit-discharge relations. The data
plotted show the wide range in the peak discharge recorded. For drainage areas
smaller than 100 mi2 only those stations with maximum discharge of record
greater than the highest of these rates have been identified by station number.
For drainage areas greater than 100 mi? selected stations with high maximum
unit discharge have been identified.

Peak discharge exceeded the lowest of these rates in about 65 percent of
those basins smaller than 25 mi?, exceeded the highest rate in 4 percent of
the basins, and exceeded 5,400 (ft?/s)/mi? at a site with a drainage area
of 0.39 mi2. Seventeen of the 25 basins with peak discharge greater than the
highest rate are in southern California or in desert areas, and the greater
intensities generally are associated with summer storms. Peak discharge
exceeded the intermediate rate in several basins larger than 25 mi? in area
but did not exceed the highest rate in any of these basins.
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For comparative purposes a curve showing the limit of flood discharge
observed through 1965 (Matthai, 1969) is shown in figure 1 together with the
Creager (Creager and others, 1945, g. 125) enveloping curve. The equation for
the Matthai curve is @ = 11,000 AY:%! for drainage areas less than 200 miZ2.
The equation for the Creager enveloping curve is:

= 46CA(0.891+ A™0048)

L
1

or its equivalent

46c4(0.89% A470-048_ 1y

q

where @ is the discharge, in cubic feet per second
q is the unit discharge, in cubic feet per second
¢ is a coefficient dependent on the drainage basin characteristics
when A, the drainage area, is given in square miles.
A value of 100 for the coefficient, {, seems appropriate for California, and
was used for the Creager enveloping curve shown in figure 1.

The Creager enveloping curve provides an estimate of the maximum peak
discharge that might be expected for drainage areas generally less than
1,000 mi2. Flood discharges have exceeded the limits indicated by the Creager
enveloping curve in several basins greater than 1,000 mi2,

Illustrative Problems

The estimation of peak discharge is illustrated by the following
protlems:

Problem 1

Required: Peak discharge of the 50-year flood (@s53) at a site at about
lat 40"11°'N., long 123°46%'W., in north-coastal California (site is on the

South Fork Eel River near Miranda).

Solution: Locate the site on the map in figure 5 and check for nearby
gaged sites. Note the applicable flood-frequency region (fig. 5) and the
basin characteristics used in the regional equations {table 1). For this
problem the site is in the North Coast region downstream from site 107 at
{station 11476500, South Fork Eel River near Miranda). Then:

1. Determine the size of the contributory drainage area (4), or the
intervening area between the site and the nearest gaged site.
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2. For nearby gaged site (site 107) check available. station flood-
frequency data (table 5), the maximum peak discharge recorded,
and the length of record (table 6). These are:

Drainage area (table §)~-~----w--=---- 537 miZ2
50-year peak discharge (table 5}------ 172,000 ft3/s
Maximum peak discharge {table 6)------ 199,000 ft3/s
Length of record (table 6)------~----- 35 years

3. Assume intervening area downstream from site 107 to be 15 wi? which
increases the drainage area at the site less than 5 percent,
The record length is more than half that of the desired recurrence
interval. Therefore, use the value of @sp determined for the
gaged site. Thus:

@sg = 172,000 ft3/s
Problem 2

Required: Peak discharge of the 50-year flood (Qs59) at a site at about
lat 40°05%'N., long 123°48'W., in north-coastal California. This is on the
South Fork Eel River upstream from gaged site 107 (station 11476500) and at
the site of the former gaging station at Garberville (station 11476000) for
which the drainage area is 468 miZ2,

Solution: The drainage area at the site is more than 5 percent smaller
than the 537 mi2 at gaged site 107 (see problem 1). As the record length at
site 107 is sufficient for use of the station data determine the discharge

value desired by using the drainage-area relation Qu = Qg(Au/Ag}b in which Qu
is the @5y at Garberville, Qg is the @g5o at site 107 (172,000 ft3/s, table 5),
and b is 0.87, the exponent for 4 in the equation in table 1. Thus:

@so(Garberville) = 172,000(468/537)%-87 = 153,000 ft3/s
Problem 3

Required: Peak discharge of the 25- and 50-year floods (425 and Qsp) at
a site on a small stream on the west slope of the Sierra Nevada at about
lat 38°55'N., long 121°05'W., (near Auburn).

Solution: Locate the site on the map in figure 5, check for nearby gaged
sites, and note the applicable flood-frequency region (fig. 5) and the basin
characteristics used in the regional equations (table 1}. For this example,
assume the site is on an ungaged stream, with no gaged streams nearby. Then:

1. As the site is in the Sierra region (fig. 5), determine the basin
characteristics needed (table 1) as follows:

a. Determine the drainage area (A4].
b. Determine the mean annual precipitation (P].
c. Determine the altitude index (#).
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2. Compute the desired flood values from the equations (table 1,
equations 16 and 17) or the nomographs (figs. 9 and 10). For
this example, assume 4 is 5.0 mi‘, P is 30 in, and ¥ is
1.4 thousands of feet. Then:
(Eq. 16) @5 = 6.5540.79pl.12g-0.52 6.55(5.0)Y-79(30)1-12(] 4)-0.52

= 885 ft3/s

Nomograph (fig. 9) = 890 ft3/s
(Eq. 17) @50 = 10.440.78pl.06z-0 48 _ 10_4(5.0)0.73(30)1.06(1_4)-0.48
= 1,140 ft3/s

1,140 ft3/s

Nomograph (fig. 10)
Problem 4 (Effect of urbanization)

Required: Peak discharge at the site in problem 3 for the 25- and
50-year floods (@25 and Qs5q) as affected by urbanization when 60 percent of
the basin is developed and 50 percent of the channels are sewered or lined.

Solution: Urbanization effects are discussed in the section on "Urban
Development," and adjustments for these effects are given in figure 4.
Thus: .

1. From figure 4-d, using values of 60 percent developed and
50 percent of the channels sewered, obtain the corresponding
adjustment coefficient for @»5 of 1.60. From figure d-e
obtain a similar coefficient for Q55 of 1,50,

2. Multiply the natural discharge values determined in problem 3 by
these coefficients to obtain the required adjusted discharges.

885 x 1,60 = 1,420 ft3/s

&25(Urb)
&5 (Urb}

@25(Nat) x 1,60

1,140 x 1,50 = 1,710 ft3/s

@gg(Nat) x 1.50
Problem S

Required: The probable recurrence interval for a peak discharge of
1,000 ft7/s that occurred at an ungaged site on a small stream in the
Central Coast region. The basin characteristics at the site are:

Drainage area-------=--=ccccccmeeao- 5.0 mi?

Mean annual precipitation----~---a-- 30 in
Altitude index------==ceacmumocoo_ 1.2 thousands of feet
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Solution: The first step is to prepare a flood discharge-frequency curve
for this basin.

1. Substitute the given values of area, precipitationm, and altitude
index in the regional equations for the Central Coast region
(table 1, equations 19-24), or in the nomographs (figs. 11 and 12).
The discharge values so determined will be:

Equation Nomograph
Qs (19) 124 £t3/s -
Qs (20) 336 £t¥/s -
Q19 (21) 528 ft3/s 530 ft3/s
Qs (22) 808 ft3/s 810 ft3/s
@50 (23) 1,060 £t3/s 1,050 £ti/s
Q100 (24) 1,330 £t3/s 1,360 ft3/s

2. Plot these discharge values on probability graph paper as a function
of their recurrence interval, and draw a smooth curve through the
plotted points (fig. 2).

3. Select from the curve the recurrence interval corresponding to the
peak discharge of 1,000 ft3/s.

Recurrence interval---------- 44 years

Comment: The discharge-frequency curve may be used also to estimate the
discharge for any recurrence interval from 2 to 100 years.

A discharge-frequency curve determined in this manner represents the
relation based on Tegional analysis. Station discharge-frequency curves may
be prepared in a similar manner using the discharge for selected recurrence
intervals obtained directly from the station data (table 5).

- Problem 6

Required: Determine the peak discharge of the 25- and 100-year floods
(225 and @3p9¢) for a site on a small stream in the South Lahontan-Colorado
Desert region at about lat 35°11'N., long 117°00'W., (near Barstow}.

Solution: Locate the site on the map in figure 5, check for nearby gaged
sites, and note the applicable flood-frequency equations for the region
(table 1). The equations indicate that peak discharges are related only to
the drainage area. Then:

1. Determine the drainage area {4). For this example, assume drainage
area is 2.0 mi?,

2. Compute the desired peak discharge values from the regional equations
(table 1, equations 34 and 36), or the nomographs (fig. 15), as:

(Eq. 34) Q25 = 4104983 = 410(2.0)9°83 = 634 ft3/s; nomograph, 635 ft3/s
(Eq. 36) @100 =1,0804°-7% =1,080(2.0)%-7! =1,770 £t3/s; nomograph, 1,770 ft3/s
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3. For comparison, data at nearby site 751 (station 10262600, Boom
Creek near Barstow) show the following:

Drainage area (table 5)---<--e-wem-cco-- 0.24 mi?
Maximum discharge (table 6)------------- 125 fti/s
Length of record---~ee--mcmcmmcoccrnanus 15 years
Q.5 from station record (table 5)------- 114 fti/s
Qo5 computed from equation-------------- 167 ft3/s
Q100 from station record (table 5)------ 188 ft3/s
@100 computed from equation------------- 392 ft3/s

Comment: The regional equations, though based on relatively short records
(as much as 15 years) provide estimates of flows for the longer recurrence
intervals. Many notable floods have been recorded, and floods with comparable
unit peak-discharge rates might be expected at almost any desert site.
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FIGURE 2.--Flood frequency by regional analysis in a basin
in the Central Coast region.



( 14 MAGNITUDE AND FREQUENCY OF FLOODS IN CALIFORNIA
Limitations

Regional analysis of flood frequency provides a means for extending use
of flood data collected at gaging stations to ungaged sites. Use of the flood-
frequency relations, however, is subject to some limitations. ' .

el e b R

The equations are applicable only to sites within the flood-frequency
regions for which they were derived and on streams with virtually natural flows.
In the regression analyses, basins necessarily were assigned to single regions :
only, despite probable gradation in flood discharge in transition zones between ;
regions. -

The relations are not applicable to sites where the usable storage within
the basin exceeds 4.5 million cubic feet (103 acre-ft} per square mile, to sites
just downstream from large reservoirs even though the storage requirements are
not exceeded, or to streams in urban areas affected substantially by urban
development. In urban areas, however, the relations can be used to determine
peak discharge values for flow under natural conditions, which then would be
adjusted by use of the techniques described in the section on urban development.

The relations also are not generally applicable to small basins on the
floor of the Sacramento and the San Joaquin Valleys (fig. 5) as the annual peak
data were obtained principally in the adjacent mountain and foothill areas.

The hydraulic and hydrologic characteristics of the valley lands have been
modified extensively by grading, leveling, and installation of agricultural
irrigation systems. Values determined from the regression equations for these
areas may be misleading or erroneous,

The relations were derived on the basis of hydrologic and physical
characteristics that ranged within limits imposed by the available data.
The limits for area, precipitation, and altitude, as used in the regional
equations, are:

Drainage area Mean annual Altitude index
Region (mi?2) precipitation (thousands
(in) of ft)

North Coast : 0.13-3,113 19-104 19.2-5.7
Northeast .06-24.8
Sierra .14-9,020 7-85 .1-9.7
Central Coast .17-4,156 §-52 .1-2.4
South Coast .15-644 7-40
South Lahontan- 2,01-89.9

Colorado Desert

lyyse minimum value of 1.0
i 2Use upper limit of 25 square miles
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The suggested procedures for defining flood-frequency relations are
valid for sites for which the physical and hydrelogic characteristics, with
two exceptions as noted, have values within the limits given above; use under
any other conditions may lead to erroneous results. The methods should be
used only for flood magnitude-frequency definition for recurrence intervals
ranging between 2 and 100 years.

FLOOD-FREQUENCY ANALYSIS

The multiple-regression technique was used to define regional flood
magnitude-frequency relations. Cruff and Rantz (1965) found this procedure,
described by Benson (1962 and 1964), to be more suitable than the index-flood
method for use in coastal California. In the regression procedure relations
are established between sets of independent variables that describe physical
and climatic characteristics and corresponding sets of dependent variables
describing floods. The results are expressed as a set of equations that can
be used to estimate the flow characteristics at ungaged sites.

Draingge Basin Characteristics

The basin and climatic characteristics measured and used in the initial
analysis of data are described in the following paragraphs. Many other
characteristics and variations were considered and rejected including: Basin
geology, basin shape, and soils, which affect basin response to precipitation;
basin aspect or orientation; latitude; and variability of precipitation in
selected months such as March or August. Some of these characteristics were
not amenable to uniform interpretation or numerical description, and previous
studies had not shown others to be significant as indicators of flow
characteristics. Data for the rejected characteristics are on file in the
California District Office, Water Resources Division, U.S, Geological Survey,
Menlo Park, Calif.

Drainage basin characteristics defined for this study are:

Drainage area (4), in square miles, is the total contributing drainage
area upstream from the gaging-station site, as planimetered on current
topographic map sheets, and is that shown in the latest U.S. Geological
Survey reports.

~ Mean annual precipitation (P), in inches, was determined from an
isohyetal map "Mean Annual Precipitation in the Californmia Region," compiled
by Rantz (1969) from U.S. Weather Bureau, now (1977) National Weather Service,
data and data from other sources.

Precipitation intensity index (I), in inches, is the 2-year 24-hour
precipitation, taken from a map in U.S. Weather Bureau Technical
Paper No. 40 (1961).

Mean annual potential evapotranspiration (£}, in inches, is taken from a
map in U.S. Weather Bureau Technical Paper No. 37 (1959) showing average
annual lake evaporation.
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Main channel slope (S), in feet per mile, is the slope between two
peints 10 and 85 percent of the distance from the gaging-station site to the
basin divide (main channel length) and is computed by dividing the difference
in altitude, in feet, by the distance, in miles, betweén these two points
{Benson, 1964).

Main channel length (L}, in miles, is the length of the main channel
between the gaging station and the basin divide measured, on the best available
topographic maps, along the channel which drains the largest basin.

v Altitude index (¥}, in thousands of feet, is computed as the average of
the altitudes at the 10- and 85-percent points along the main channel used to
compute channel slope. The altitude index of some basins for which the average
basin altitude (not average channel altitude) had been determined in previous
studies was computed as 0.9 times the average basin altitude on the basis of
comparative data for about 20 basins.

Surface-storage index (¥}, in percent, is the percentage of the basin
area occupied by lakes and marshes, as shown on and determined from 7%- or
15-minute topographic maps.

Forest-cover index (F), in percent, is. the percentage of the basin covered
by brush or trees, as determined from the extent of the green overprint (for
vegetation} shown on U.S. Geological Survey topographic maps.

The values of these basin characteristics available for the 778 stations
considered in this study are listed in table 5; the location of the sites (by
map number) is given in figure 5. Information is included for all crest-stage
gages operated under the small-streams program (Waananen, 1973}, even though 73
of the sites were not included in the flood-frequency analyses owing to lack
of sufficient data.

Magnitude and Frequency of Floods at Gaged Sites

Annual peak discharges for basins in which flows occur under virtually
natural conditions are the basic dependent variables used in this study. For
planning and design of structures and hydraulic facilities and evaluation of
flood potential, however, these peaks need to be interpreted in terms of
frequency of occurrence. A statistical procedure, as prescribed by the U.S.
Water Resources Council (1967, 1976) for use by Federal agencies, was used for
this interpretation, For each station, the logarithms of the annual peaks were
used to compute a mean, standard deviation, and skew cocefficient that describes
a Pearson Type III distribution. This distribution then provides an estimate
of the annual flood discharge that would be exceeded, on the average, once
over given periocds of time (or recurrence intervals). For each station the
log-Pearson Type III magnitude-frequency relation and the annual peak discharge
series relation using the recorded peak data were plotted. These relations were
compared and analyzed for conformity with community experience. The relations
for a few stations were adjusted for better fit with the recorded data after
evaluation of outliers representing unusual flood discharge, historical peaks,
and years of low peaks or no discharge.
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Flood peak discharge values, computed in accordance with the U.S. Water
Resources Council Bulletin 17 (1976), for selected recurrence intervals at
705 sites used in the regression analyses are listed, by flood-frequency
region, in table 5. Records available at these sites generally are for 10 or
more years of either unregulated flow or flow that could be adjusted to
natural conditions. No adjustments have been made in the short-term records
by cross-correlation with long-term records. The flood peak values in table S
thus are based on the actual data available for the period of record at each
site, using a fixed skew or the observed skew for sites with long records. No
records were extended by simulation or other precipitation-runoff studies as
preliminary studies were inconclusive, and long-term records were available
for many streams, Selected flood values for some sites with less than
10 years of record are included to improve areal coverage.

Multiple-Regression Procedure

Use of multiple-regression analysis in flood magnitude-frequency studies
permits development of Tegression equations expressing flood magnitude as a
function of the physical and hydrologic characteristics of the basins. Past
experience has shown that the logarithms of peak discharge are linearly
Telated to the logarithms of most hydrologic variables. The relation may be
expressed by the mathematical model

G =k B L ...

in which @, is the discharge for a selected recurrence interval; X is a
regression coefficient; ¢, C;, and C3 are basin characteristics; and a, b,
and ¢ are exponents. Linear regression equations are derived by correlating
the logarithms of T-year discharges with the logarithms of corresponding
characteristics for all sites used in the analysis.

“ As an example, the equation with the lowest standard error for the
10-year flood peak discharge for basins in the North Coast region of
California that contains all the independent variables significant at
the S-percent level is

o

@1o = 6.2140-88p0.93570.27 (Table 1, equation 3)

in which Q1¢ is the 10-year peak discharge, in cubic feet per second, Further
improvement in the regression results through use of additional hydrologic
variables was minor. The following table shows the slight improvement

- indicated by the multiple-correlation coefficient and the standard error of
estimate. Mean annual potential evapotranspiration () was found to be barely
significant at the l-percent level, but was not found significant in the
relations for other recurrence intervals and was not included in the final
equations.
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Multiple- Standard error of
Hydrologic characteristics correlation estimate
coefficient (log units) (percent}
A 0.971 = 0.275 67.6
A, P .976 .249 60.5
A, P, H .979 .237 57.3
A, P, H, E .980 .230 55.5
A, P, H, B, I .981 .227 54.7
A, P, H, B, I,5 .981 .228 54.9
A, P, H,E I,8,L .981 .229 55.2

Regional Analysis

The diversity of climate, terrain, and geology within California creates
a wide variation in hydrologic response. This is refiected in the flood
magnitude-frequency relations and precludes development of a single set of
flood-frequency equations that are applicable statewide.

An initial statewide regression for the 2-year flood using data from
705 stations provided a basis for regionalization, Mapping the deviations of
the flood value for each station from the value computed using the statewide
regression equation suggested regional patterns that almost coincided with
regional divisions developed from previous studies. The boundaries of the
flood-frequency regions thus differentiated are shown in figures 3 and 5. These
boundaries are delimited by physiographic factors associated with floods. They
are arbitrary, with broad transition zones between regions, and generally do
not follow topographic drainage divides. The western boundary of the Sierra
region, for example, is shown along the Sacramento and part of the San Joaquin
Rivers, the axis of the Central Valley. The eastern boundaries of several
regions extend to the east-side foothill zones of the mountain ranges included
in the regions. The location of the latter boundaries may be attributed to the
effects of heavy precipitation in the mountain areas and of storm precipitation
carried over the divides,

The flood-frequency regions can be described as follows:

North Coast region.--The North Coast region includes Sacramento River
drainage from the west and coastal basins from San Francisco Bay to the Oregon
border, including the lower Klamath River basin downstream from the Shasta
River basin. The climate ranges from subhumid to humid, with marked wet and
dry seasons. The altitude ranges from sea level to more than 8,000 ft. Floods
are caused by winter frontal-type storms that cover large areas, and the peaks
generally last only a short time.
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Boundary of flood-frequency region

Region Area
! NC - North Coast 26,400 mi?
§7— 40°NE - Northeast 11,600
ot I S - Sierra 39,000
1 CC - Central Coast 16,000
SC - South Coast 15,000

SL-CD - South Lahontan-
Colorado Desert 50,000
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FIGURE 3.--Flood-frequency regions used in this study.
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Northeast region.--The Northeast region includes Great Basin streams in
California north of the Truckee River basin, the Pit and the upper McCloud
river basins upstream from Shasta Lake north and east of Mount Shasta, and the
upper Klamath River basin upstream from and including most of the Shasta River
basin. The climate ranges from semiarid to subhumid. Altitudes range from
less than 2,000 to 10,453 ft. - Much of the region is underlain by volcanic rock
that, because of substantial capacity for infiltration and storage of water,
reduces flood peaks. Floods are caused by general winter frontal-type storms
and by spring snowmelt. Flows in the Pit and Klamath Rivers are subject to
substantial natural and artificial regulation.

Sierra region.--The Sierra region includes Great Basin streams in
California draining the east Sierra Nevada slopes from the west-side tributaries
of the Owens River to the Truckee River basin, and streams draining from the east
into the Central Valley south of the Pit and McCloud river basins but including
the Shasta River basin and Mount Shasta slopes upstream from Shasta Valley. The
climate ranges from semiarid to humid with seasonal snow cover in mountain areas.
Altitudes range from near sea level in the Central Valley to 14,495 ft. Floods
in and south of the American River are caused by spring and summer snowmelt,
winter frontal storms, and occasionally by summer thunderstorms. Floods north
of the American River are caused by winter frontal-type storms that cause heavy
runoff and occasionally by snowmelt.

Central Coast region.--The Central Coast region includes coastal basins
that drain into the Pacific Ocean between the Arroyo Grande basin on the south
and San Francisco Bay on the north and streams that drain from the west into
the San Joaquin Valley. The climate is subhumid with marked wet and dry
seasons, Altitudes range from sea level along the coast to about 5,800 ft,
Floods are caused by winter frontal-type storms and are generally flashy with
peaks lasting only a short time.

South Coast region.--The South Coast region includes the upper basins of
streams draining from the west into the Salton Sea and the Mojave Desert, and
streams that drain into the Pacific Ocean from the Tijuana River basin at the
international boundary to and including the Santa Maria River basin. The
climate ranges from semiarid to subhumid. Snow occurs seasonally at high
altitudes. Altitudes range from sea level to 11,485 ft, Most of the floods
in the region are caused by general winter frontal-type storms that produce
heavy runoff from large areas, but floods along the eastern boundary of the
region are caused also by local summer thunderstorms. Floods generally are
flashy. .

South Lahontan-Colorado Desert region.--The South Lahontan-Colorado Desert
region includes streams in southeastern California between the international
boundary and Mono Lake, except the upper basins of Sierra Nevada streams draining
to the Owens River and streams draining into the south San Joaquin Valley from
the south and west. The climate is semiarid. Altitudes range from 278 ft below
to more than 14,000 ft above sea level. Floods along the western boundary of
the region generally are caused by winter frontal-type storms, but annual peaks
in the desert regions are the result of summer thunderstorms.
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The 705 stations used in the regional regression analyses are distributed
among the flood-frequency regions as follows:

Flood-frequency Number of stations Number of stations
region considered used

North Coast 157 141

Northeast 32 31

Sierra 259 249

Central Coast 113 o8

South Coast 148 143

South Lahontan- 69 43

Colorado Desert

Total 778 705

The distribution is not equal among the regions or proportional to the
respective areas owing to differences in the availability of water and
concomitant availability of data, the extent and effect of storage and flow
regulation, geographic location, and the status of water demand, development,
and use. '

The Regression Equations

Regional regression analysis produced equations relating floeds for 2-,
5-, 10-, 25-, 50-, and 100-year recurrence intervals to selected physical and
hydrologic characteristics in .each of the flood-frequency regions shown in
figures 3 and 5.

Drainage area, mean annual precipitation, and the altitude index were
used at the selected frequencies to derive regression equations for use in
the North Coast, Sierra, and Central Coast region. Drainage area and mean
annual precipitation only were used to derive regression equations for use in
the South Coast region.

In the Northeast and South Lahontan-Colorado Desert regions the available
data were limited to short-term records for streams with basins less than
25 mi? in area. In these two regions the regression analysis showed drainage
area to be the only significant characteristic,
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The regression equations for the six regions are sumarized in table 2.
The number of stations used to define the equation, the regression coefficient
and exponents, and the standard error of estimate, expressed in log units, are
shown for each equation. The coefficients and exponents for the regression
equations were modified slightly by graphical smoothing to provide for a smooth
and orderly increase in flood values with increase in the length of the
recurrence interval. The standard error of estimate is a measure of the
departure of the computed flood magnitudes from those observed. The regression
equations are shown in nomograph form in figures 6-15; use of the nomographs
is illustrated in the illustrative problems presented in the section "Estimation
of Design Flow." The ranges and critical values of the basin and climatic
characteristics used in the regional regression analyses are shown in table 3.

Curves of flood magnitude and frequency may be plotted using values computed
from the equations for the appropriate flood-frequency regions or determined
from the nomographs (figs. 6-15). These curves can be used to estimate the peak
discharge for a given recurrence interval at any site, gaged or ungaged, or to
determine the recurrence interval for a given flood (fig. 2).

Discussion of Results

Regionalized frequency equations are convenient and useful for estimating
design flows for ungaged sites in the absence of more definitive data from
nearby sites, particularly as no single set of equations seems suitable for
all-purpose use in California. Regional equations, however, being based on
data from many basins and records of variable length and applicable to extensive
geographic areas, may not provide a close correlation within all subregions of
a flood-frequency region. :

An assessment of the accuracy of regionalized estimates of peak flows is
provided by the standard error of estimate, a statistical evaluation. The
standard error of estimate is a measure of the departure of the estimated flood
magnitudes from those observed. Approximately 68 percent of the observed values
can be expected to be within one standard error of the estimated value. The
standard error of estimate of the equations for each Tegion are shown in table 2.

For a few stations the results of flood-frequency relations estimated by
the regional method will differ considerably from values obtained by single-
station analysis. For some stations the records, when used in a single-station
analysis, may be too short to reflect long-term conditions. Other stations may
reflect local anomalies or variations in physical and hydrologic characteristics
that influence the basin response to storm precipitation. Intense short-term
storms often may affect only individual small basins and have little impact on
adjacent basins. Wide variations in the relation between the estimated and
observed peak discharge from adjacent or nearby drainage areas thus may be
anticipated.
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TABLE 2.--Summary ofvegional regression equatiome for peak discharges

(Equations are of the general form Qp, = x A% Pb Ec, with items
P and H omitted when not of s‘fgnificant value]

Exponent of indicated basin characteristic Standard Number of

Recurrence error of stations
interval, Coefficient Drainage area Meag annuél A}titude estimate used in
X precipitation index :
in years (A) (P (8 (logip analysis
units)
RT X a b e Se N
NORTH COAST REGION
2 3.52 0.90 0.89 1.0.47 0.26 141
5 5.04 .89 .91 135 .24 125
10 6.21 .38 .93 1,27 .24 12%
25 7.64 .87 .94 .17 .24 125
50 8.57 .87 .96 1..08 .25 125
100 9,23 .87 .97 0 .26 125
NORTHEAST REGION2
2 22 0.40 0.46 31
5 46 .45 .38 20
10 61 .49 .38 20
25 84 .54 .40 20
50 103 .57 .42 20
100 125 .59 .45 20
SIERRA REGION )
2 0.24 0.88 1,58 -0,80 0.34 249
5 1.20 .82 1.37 -.64 .32 214
10 2.63 .80 1.25 -.58 .27 214
25 6.55 .79 1.12 -.52 .30 213
50 10.4 .78 1,06 -.48 .34 212
100 15.7 .77 1.02 -.43 .37 212
CENTRAL COAST REGION
2 0.0061 0.92 2.54 -1.10 0.47 98
5 .118 .91 1.95% -.79 .39 91
10 .583 .90 1.61 -.64 .35 91
25 2.91 .89 1.26 -.50 .35 91
50 8.20 .89 1.03 -.41 .38 g1
100 19.7 .88 .84 -.33 .41 91
SOUTH COAST REGION
2 0.14 0.72 1.62 0.47 143
5 .40 .77 1.69 .37 137
10 .63 .79 1.75 .33 137
25 1.10 .81 1.81 .32 137
50 1.50 .82 1.85 .35 137
100 1.95 .83 1.87 .39 137
SOUTH LAHONTAN-COLORADO DESERT REGIONZ?
2 7.3 0.30 0.60 43
5 53 .44 .35 36
10 150 .53 .31 35
25 410 .63 .32 35
50 700 .68 .33 s
100 1,080 .71 .36 35

lyse minimum altitude index value of 1.0.
2These squations are defined only for basins of 25 miZ or less in area.
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TABLE 3.--Selected statiastics of some basin characteristics used

in the study of regional flood frequency

Variable and unit Region Mean Median Maximum Minizmum
Drainage ares North Coast 156 6,38 3,113 0.05
(square miles) Northeast 5.20 2.45 24.8 .06
Sierra 163 20.4 9,020 .05
Central Coast 83.4 9.26 4,156 .01
South Coast 48.1 15.8 644 .05
South Lahontan- 5.54 .95 89.9 .01
Colorado Desert
Mean annual North Coast 50.2 50.0 104.0 1%.0
precipitation Northeast 21.9 17.5 49.0 10.0
{inches)} Sierra 41.7 42.0 85.0 7.0
Central Coast 23.8 21.0 52,0 B.0
South Coast 22.8 22.0 40.0 7.0
South Lahontan- 7.4 6.0 20.0 2.0
Colorado Desert
Precipitation North Coast 3.83 3.70 6.2 1.8
intensity index Northeast 1.63 1.45 2.5 1.1
{inches) Sierra 3.62 3.65 6.2 1.2
Central Coast 3.04 2.90 6.2 1.2
South Coast 3.44 3.00 7.0 1.7
South Lahontan- 1.46 1.20 3.2 .9
Colorado Desert
Mean annual North Coast 41.6 42,0 53.0 28.0
potential Northeast 43.6 44,0 46.0 38.0
evapotranspiration Sierra 40.9 41,0 59.0 30.0
{inches) Central Coast 43,2 43,0 52.0 35.0
South Coast 53.8 51.0 74.0 44.0
South Lahontan- 67.9 68.0 86.0 37.0
Colorado Desert
Main channel slope North Coast 397 180 1,740 8.7
(feet per mile) Northeast 300 247 835 10
Sierra 344 208 2,520 8.0
Central Coast 265 155 1,730 9.8
South Coast 381 282 1,670 22.4
Scuth Lahontan- 387 307 2,240 70
Colorado Desert
Main channel length North Coast 13.14 5.00 173.2 0.2
(miles) *  Northeast 3.96 3.45 12.0 .7
Sierra 19.04 9.79 298.0 .3
Central Coast 12.48 5.75 183.2 .3
South Coast 11.02 7.80 66.8 .4
South Lahontan- 4.01 2.50 16.8 .5
Colorado Desert
Altitude 1index North Coast 1.69 1.50 5.7 0.2
(thousands of feet) Northeast 5.19 5.15 7.1 3.2
Sierra 4.93% 5.10 9.7 .1
Central Coast 1.00 1.00 2.4 .1
South Coast 2.60 2.35 8.2 |
South Lahontan- 3.10 2.60 8.6 .1

Colorado Desert
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In the semiarid environment in the South Lahontan-Colorado Desert region
flood discharges at any given station are erratic. Some stations may have
had only minor discharge while others may have had extremely high discharges
from intense storms. The records for the desert area are shorter, in general,
than those from more humid regions. The effect of bias from the short-term
records, however, is probably countered to some degree by the combined records
for many stations. The estimates obtained by regression equations may seem
high compared with the, flood record at a site that had only low peak
discharges in a short history, When compared with other nearby records
that do include high peak discharges the regression results seem reasonable,

Limitations in the application of the regional flood-frequency equations
were described under "L1m1tat1ons" in the "Estimation of Design Flow'" section
of this report.

AUGMENTED FLOOD DISCHARGE

The regional analysis of flood magnitude and frequency presented herein
is related primarily to streamflow under natural conditions, that is, not
affected significantly by storage and regulation, by substantial increase in
imperviousness resulting from development, or by other factors modifying basin
characteristics, albeit temporarily. The maximum discharge data similarly
relate principally to natural conditions. Peak discharge data for some
streams, however, may reflect augmented runoff from forest areas denuded by
fires.

Detailed criteria or techniques for flood-frequency estimates for areas
affected by substantial urbanization or for recently burned areas in forests
have not been developed for this report, owing to the wide range of physical
conditions throughout the State., Aspects of the impacts of urbanization and
fires, however, are discussed briefly in the following sections.

Flood-frequency estimates for areas affected by urbanization, fires, or
other discharge-augmenting factors, may be developed by appropriate adjustment
of the estimates for discharge under natural conditions determined initially
by the design-flow method or other flood-frequency techniques. Although
the physical conditions would govern the magnitude of such adjustments, an
approximate range of the adjustments is suggested by data from developed
basins or by other analyses.

Urban Development

The effect of urban development on the water regimen, particularly flood
discharge, has long been recognized. Numerous investigations have been made
in the past 30 years to determine the magnitude and characteristics of the
changes caused by urbanization. The results of many investigations have been
reported, evaluated, or summarized by Waananen (1969}, Smith (1969}, Espey
and Winslow (1974), Schneider (1975), and others,
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The investigators have generally agreed that urban development has a
dramatic impact on the peak discharges in streams and storm drains. Changes
in timing and time distribution of direct runoff from urban areas, as reported
by Waananen (1969), are a distinct reflection of the influence of development.
These result from reduction in opportunity for infiltratiom, evaporationm,
and transpiration; increase in degree of imperviousness; and modification of
surface-drainage patterns, including the associated development of storm-drainage
facilities. As an area becomes urbanized the time of concentration (lag time)
of storm runoff is reduced, and the storm discharge often in concentrated in
higher peaks of shorter duration than those for natural runoff. A shorter lag
time reduces the time available for infiltration and thereby increases the
total storm runoff from a basin, The shorter time is reflected also in factors
properly applicable in the discharge formulas used in storm-sewer design. The
shorter time dictates selection of considerably higher precipitation intensities
from duration-frequency curves for use in the Rational Method and other formulas.

The urbanization impact on floods has been greatest for the smaller, more
frequent floods, and the effect on the infrequent major floods is small, The
major floods generally occur following saturation of surface soils by sustained
storm precipitation with resultant discharge from most or all of the basin area.

Durbin (1974), in a digital simulation of urbanization effects on runocff
in the San Bernardino area in southern California, determined that urbanizationm
could increase the magnitude of peak discharge and daily mean discharge with a
2-year recurrence interval by a factor of three to six. He determined further
that peak discharges and daily mean discharges with recurrence intervals ranging
from 50 to 200 years or more are little affected by urbanization and that in
southern California the degree of imperviousness of a fully urbanized area is
about 30 percent., By contrast, James (1965) noted that urbanization accented
both high and low discharges but was most influential in increasing the peaks
of lesser floods, :

Evaluation of Urbanization Effect

Rantz (1971) provided an evaluation of urbanization effects in the
San Francisco Bay region. The report presented basic c¢riteria, in the form
of tables and graphs, for hydrologic design by the four methods most commonly
used in the San Francisco Bay region--flood-frequency analysis, Rational Method,
unit-hydrograph method, and runoff simulation by means of hydrologic basin
modeling. The evaluation of the urbanization effect for use in flood-frequency
analysis provides a basis for adjusting flows computed for natural conditions.
Pertinent aspects of the information presented by Rantz (1971) are summarized
in the following discussion,
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The extent of urbanization may be defined by the degree of imperviousness
and the proportion of the drainage area provided with storm-drainage
facilities. Urban developments are usually sewered for storm drainage, though
that may not always be the case. A term '‘percentage of channels sewered,"
used later, refers to the percentage of well-defined channels that are lined,
paved, or replaced by pipe. '

The degree to which peak discharges are increased depends also on the
manner in which the runoff from impervious surfaces reaches the collector
chamnel. The percentage of impervious area in a basin may be easily measured,
but often the entire impervious area does not have a direct or surface
connection with a principal watercourse or drain. Rain falling on a roof,
for example, may leave by passing through a downspout into a dry well, and
thence to the underlying ground-water body; or through a downspout and
splash-block onto a lawn, where part may infiltrate the lawn; or through
downspout and pipe drain to a street gutter; or may be retained in surface
storage and eventually evaporated.

A set of percentage values for impervious areas associated with
various types of development in the San Francisco Bay region, as suggested
by Rantz (1971, table 1, p. 7) on the basis of review of values generally
used, is summarized in table 4. These values reflect average overall
characteristics of urban development in the region, not the detailed
characteristics of any particular urban development. Values of the
coefficient C (the runoff coefficient) in the Rational Method are presented
for reference. These values are considered representative also for similar
types of developments in other areas in Californmia. Thus, in the absence
of more definitive information, the values could be used generally
throughout the State,

Storm runoff may be affected substantially by the physical character-
istics of urban areas. The specific location of a development within a
drainage basin affects the flood discharge at its mouth. If a development
is near the mouth of the basin the accelerated runoff from precipitation
in the urbanized lower part of the basin may result in heavy discharge
from the basin before the peak discharges from headwater areas reach the
mouth, with possible smaller peak discharges in the downstream reaches
of the main channel. Conversely, with development in the headwater areas,
the accelerated urban runoff may result in an increased peak discharge in
the lower reaches of the main channel.

The hydraulic characteristics of impervious areas also have an effect on
storm runoff. Building practices can affect the rate of roof drainage. The
design of sewer systems, particularly the location and number of inlets and
storm-sewer connection, influences discharge rates. Peak discharges in main
sewers, for example, are affected by the timing of peak discharges in the
tributary laterals, Storage, including greenways and other detention basins
that serve secondary recreational functions, temporary pondage in streets and
intersections, and surcharge of the sewer system, may be incorporated into a
storm-sewer system. The effect of such built-in storage is to reduce the
magnitude of flood peaks discharged to the principal receiving channels or
streams from infrequent major storms.
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A guide for evaluating urbanization effects is given in figure 4 which
shows the ratio of flood-pesk magnitude for urbanized basins in relation to
that for unurbanized basins. Figure 4 was adapted by Rantz (1971, p. 16)
from the model study by James (1965) for the basin of Morrison Creek in
Sacramento County, Calif. The coefficients (ratios) are intended for use with
the flood-frequency method. The percentage of basin developed means simply
the percentage of the basin that has been urbanized, without regard to the
degree of imperviousness. The percentage of channels sewered refers to the
percentage of well-defined channels that are lined, paved, or replaced by pipe.

TABLE 4,--Regtonal values of percentage of impervious area
and of C in the Rational Method

{From Rantz (1971)]

Percent impervious Cl, in Rational Method

Density,
T i R .
ype of development izru:::: Santa Clara San Francisco ASCE San Francisco

P County Bay Region Bay Region

Residential:
Hill areas 0.5- 2 6 8 - 0.11-0.30
Low urbanization 3 -6 10 15 0.25-0.40 .21~ .38
Medium urbanization 7 -10 20 25 .30- .50 .32- .52
Heavy urbanization 11 -20 32 40 .50- .70 .45- .70

(apartments)

Industrial:
Nonmanufacturing 50 60 .60- .80 .58- .88
Manufacturing 40 50 .50~ .80 .52- .79
Reserve 20 25 - .32~ .52
Commercial 50 60 .50- .95 .58- .88
Transportation 70 75 .70- .95 .60- .50
Public buildings 40 S0 - .52- .79
Public parks . 12 12 .10- .25 16- .32
Agricultural 4 4 - .10- .30
Natural watersheds 2 2 -- L10- .30

I¢ is a dimensionless coefficient whose magnitude depends on the basin
characteristics, including the character and degree of development.

! »é'l"-l i M
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A discharge value computed for natural conditions may be adjusted for the
effect of urbanization as follows:

Given: Peak discharge under natural conditions
for 25-year recurrence interval------------ Q25(Nat)
Desired: Peak discharge adjusted for following
urbanized conditions---=-s-cvemreravonaooa- @25(Urb)
Recurrence interval-----~--wo-ccoorcvoncn 25 years
Percentage of basin developed------=--«-- 70
Percentage of channels sewered----------- 60

Solution: Determine adjustment coefficient
from figure 4-d, as---=-=w-----c--ssmamaoa- 1.80

Adjusted discharge then is:
@25(Urb) = 1.80 x @7 5(Nat)
The adjustment coefficients in figure 4 were developed for the
San Francisco Bay region (Rantz, 1971, p. 15-16) but in the absence of more

definitive data these values may be useful for estimating the approximate
effects of urban development in other areas in California.

Relation of Fire and Flood

Fires in brush-covered mountain and foothill areas, particularly in central
coastal and southern California, remove the vegetative cover and sharply
increase the rates of subsequent storm discharge and soil erosion. Wildfires
in the mountain areas of southern California, for example, have repeatedly been
followed by debris-laden floods downstream. Some insight into the effect of
burns on stream discharge may be provided by the following studies.

The California Forest and Range Experiment Station reported in 1951
(U.S. Forest Service, 1951, p. 28) that records of stream discharge from burned
and long-unburned (unburned for 40 or more years) areas showed peak discharge
increases from 2 to 30 times in the first year after burning. The following
table shows the general storm and flood relations. Annual erosion rates increased
by an average of about 35 times in the first year after a complete burning of
a good chaparral cover; about 8-10 years were required for return of erosion
rates to normal and, during recovery, the erosion rates might have been 9 to
10 times larger than those before the burning.
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Increase in peak discharge Period of return to

Size of storm following fire normal discharge
(times) {years)

Small 10-30 20

Medium 3-10 40

Large 2-3 60

Heavy rains in January and February 1969 in areas in the San Gabriel
Mountains in southern California denuded by fires in 1968 caused highly
destructive floods along the foothills between Los Angeles and San Bernardino.
In many areas the floods transported large volumes of debris, including large
logs, rocks, and boulders. The extreme flood discharges are shown by the
data in table 6 and in figure 1 for stations 11067000, 11072400, 11073470,
11084500, and 11086500 in the South Coast region.

Fires in autumn 1971 in the mountain areas northeast of Santa Barbara,
about 90 mi northwest of Los Angeles, caused extensive damage to the
vegetation, Rains in December 1971 caused moderate flood peaks generally,
but discharge from the burned areas was heavy. Peak discharge from
a 3.5-mi? basin reached a rate of 1,800 (ft3/s)/mi2. The streams draining
the burned area reportedly transported heavy debris loads, including boulders
as much as 10 ft in diameter.

The effect of fires on stream discharge, particularly after smaller
storms, is substantial. Discharge augmentation continues at a declining
rate for many years after a fire while vegetation is being reestablished.
Discharge from major storms is increased somewhat, but the peak discharge may
fall within the limits experienced generally in the region. Erosional effects
constitute a major destructive impact, both through damage within the basin
and in the transport and deposition of sediment and other debris downstream.
For design purposes adjustments for the effects of past fires should include
increase in the anticipated peak discharge and allowances for the bulking
effect and the potential for blocking and damage by the large quantities of
debris likely to be transported. Such adjustments are substantial for recent
fires on steep soil-mantled slopes but are reduced when the effects have been
lessened by revegetation.

Other Effects

Other factors that may influence the magnitude of flood peaks include
mudslides, debris flows, backwater and ponding effects, logging, and farming
practices that alter the characteristics of overland flow and the runoff.
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Mudslides and debris transported by floods may affect peak discharge
through temporary channel blockage and subsequent release of impounded water
and debris, the blockage of structures with resultant overflow of channels,
and the bulking effect of entrained sediment and other debris which increases
the volume of the water-sediment-debris mixture. The effects are similar to
those from fire-flood sequences.

The availability of temporary storage in backwater areas upstream from
structures such as highway embankments, as well as pondage through surcharge
of culverts, generally may act to reduce peak discharge downstream, but cause
rises in water surfaces upstream. At times, however, when discharges exceed
the temporary storage capacity, structures may be overtopped or breached, with
resultant sudden release of impounded water. Flood peaks downstream then may
exceed those that might have occurred with unrestricted flows.

Some of the maximum peak discharge values in table 6 may have been affected
by breaching and releases from blockage or temporary storage, by mudslides, or
by destruction of highway embankments. The extreme values of 7,160 ft3/s for
station 09428530, Arch Creek near Earp, in the South Lahontan-Colorado Desert
region, and 2,130 ft3/s for station 11046390, San Juan Creek tributary near
Elsinore, in the South Coast region (sites 712 and 607, fig. 5), given in
" figure 1 and table 6, reflect possible discharge augmentation through breaching
of an embankment or release of channel blockage.

The effects of logging generally include increase in flood peaks because
of augmentation and acceleration of discharge from the logged areas. The
impact, however, decreases as regrowth proceeds. Farming practices also alter
flood discharges from valley and foothill basins through changes in the
pattern of overland flow, in infiltration opportunity, and in the extent of
contributory areas.

SUMMARY

A method for estimating the magnitude and frequency of floods in
California, based on regional regression analysis, has been developed and
presented. Regional equations provide a means for estimating annual peak
discharge at any site, gaged or ungaged, for any desired recurrence interval
from 2 to 100 years. K Application of the method is convenient, but the procedure
is subject to some limitationms.

Data for 705 stations, representing the full range of drainage-area size
for which data were available, were included in the regression analysis. A
data-collection program for the study of floods from small drainage areas
provided 275 short-term (as much as 15 years) records distributed throughout
the State supplementing the limited data on small streams previously available.
The peak data obtained under the small-streams study program were intentionally
limited to streamflows under virtually natural conditions. The regression
analyses were similarly limited to study of unregulated discharges or discharge
that could be adjusted to natural conditions.
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A study of maximum peak discharge at gaging stations permits evaluation
of the relative magnitude of known or estimated peak discharge and the maximum
floods that might be anticipated in the State. Peak discharge rates greater
than 1,000 (ft3/s)/mi? were not observed in basins larger than 25 mi? in area,
but this rate was exceeded at many sites on streams with smaller drainage
areas and exceeded 5,400 (ft3/s)/mi2 at one site.

Basin characteristics are summarized to present a standard set of values
for use by investigators interested in further detailed analysis of flood
magnitude and frequency in selected areas in the State.

The impact of urban development, fires, and other factors that result
in accelerated or augmented water discharge and heavy debris discharge is
considered. A guide for evaluating urbanization effects in the San Francisco
Bay region was developed by Rantz (1971} and pertinent information is
summarized. This information should be useful also in estimating the impact
of urban development in other areas in the State where more definitive
information is not available.

A continuing need exists for extension and expansion of the flood-data
base, particularly for streams that have small drainage areas. This may be
accomplished through continuing collection of flood data from small drainage
areas to provide improved estimates of floods for recurrence intervals greater
than about 20-25 years. A particular need for these data exists in the
Northeast and the South Lahontan-Colorado Desert regions where few long-term
records are available for peak discharges under natural conditions.

Review and refinement of the flood-frequency regression equations at
intervals as additional data are added to the flood-data base is appropriate
and is suggested.
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EXPLANATION OF FIGURE §

e 321 Gaging station site and map number
Numbers refer to those in table 5.

/\  Boundary of flood-frequency region

Undefined region

INDEX MAPS

Fiood-frequency regions

CC Central Coast
NC North Coast

NE Northeast

] Sierra

sC South Coast

SL-CD South Lahontan-
Coloradoe Desert
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map 2
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FIGURE 8.--Nomographs for computing 10-, 25-, 50-, and 100-year flood

discharge in the Northeast region.
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FIGURE 9.--Nomographs for computing 10- and 25-year flood discharge in
the Sierra region,
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FIGURE 10.--Nomographs for computing 50- and 100-year flood discharge in
the Sierra region.
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FIGURE 11.--Nomographs for computing 10- and 25-year flood discharge in
the Central Coast region.
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MEAN ANNUAL PRECIPITATION, IN INCHES

A Q100 Qso H P
1000 — 0.1~ 60
500 - 50
- 200000— 200,000 +
= 3 r KEY - i
200 -3 1000003 [=100,000 gy go0: 4-1-, then T 40
; i 1-Qs0-F 0.2
] 0,000 [750,000 ol o so: A-2-H, then T
100—3 1 E 2-Q1p0~P I
3 20,000 [20,000 0.3 39
3 1L 10,000 2 8 T
& E 10,000 E B o 1
= i~ = - W TR 0.4—___25
= 3 0 o 3 g
. oo [£5000 & @ T
20 =3 — ;
g y 3 E g 0.5t
. § _ - ._‘- ol o} 4
) q Fo00 = =z —20
Z 10— it Q £ 0.6
- 2000 [ = - F
«“ _‘_ - - 8 b —
% = 1 (1000 - 5 1
5 1000~ [= = @ 0.8
il ] = | - g .
2 3 = 500 g A o
$ 3 s00— [ % g 1.0
a 3 3 E 0 = T
2] ~ B200 ¥ & _
i a1 [~ 1 F < 4
] sl |2 2005 [ )
. gl | 1 E1oo 1.5
— o~ ~— 1 — 7
= 100— -
3 212 — £50 10
— et —t —— L -
0.5 - — — — L 00—
4 §|18 "J :
E i 4 F® 538
0.23 2075 Lo .03
i 10— :5 .
0.1 ‘J o
Equations: @Qsp = 8.2040.89p1.035-0.541

Qipp = 19.740-88p0.84g-0.33

FIGURE 12.--Nomographs for computing S0- and 100-year flood discharge in

the Central Coast region.
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FIGURE 13.--Nomographs for computing 10- and 25-year flood discharge in
the South Ceoast region,
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--Nomographs for computing 50- and 100-year flood discharge in
the South Coast region.
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discharge in the South Lahontan-Colorado Desert region.
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TABLE 5.--Basin characteristics and flood

Station name is given in table 6.
FFSDA site numbers are those used for crest-stage-gage stations included in program “Floods from Small
Drainage Areas in California.”

Basin characteristic
Mean N
Map Station F:i’?‘ Drainage | annual Precipi— a:nu.:i. 1 :ain 1 Main Altitude
number number € area, A precipi- R potent-a channe channel index, H
number intensity |evapotran-| slope,S
(square tation |y dex,I spiration |(feet per dsagth,b] (cheusuds
miles) P (1nché;) E i (miles) of feet)
(inches) (inches)
NORTH COAST REGION

1 11341550 26 6,57 65 Se6 46 963 4.6 3.3
2 11342000 425 62 5.5 (1) 83 49,5 2.8
3 11372000 228 56 3.5 48 63 48,7 21
4 1137a400 249 41 2.8 48 58 43,5 l.6
5 11375600* 28 .07 513 1.0
6 11375830 29 1.09 28 2.7 50 164 17 1«6
7 11375950 30 Yy 26 2.4 53 80 1.6 o7
8 11376000 927 40 3.0 50 57 64,5 1.8
9 11378700 33 .19 21 2.3 52 113 o7 o7
10 11379500 92.9 36 2.8 51 170 19.6 2.0
11 11380500 136 28 2.7 51 93 42,7 1.8
12 11381990 34 «65 24 2.4 50 Als 1.0 9
13 11382000 194 k13 2.8 49 126 36.5 2.7

14 11384400* 119 2.52
15 11384700 105 49 23 2.3 51 652 1.5 1.6

16 11386200* 118 10.6

17 11386300* 117 1.84
.18 11386400 106 A 26 2.5 51 687 146 leb
13 11386450 116 «52 19 2.3 52 125 1.7 1.0
20 11387900 107 96 20 2.3 53 138 2.9 ]
21 11390680 108 13,0 24 2.2 52 132 8,8 9
22 11448500 6,36 41 4,5 46 374 4.2 2.1
23 11448900 76 11.9 a7 4.0 45 125 5.3 1.9
24 11449060 77 16 kK] 3.3 47 419 6 1.8
25 11449350 4,37 26 3.2 45 99 2.7 1.9
26 11449450 13,2 34 4,7 47 146 5.2 1.7
27 11449460 12,5 34 4,7 49 178 T«0 1.9
28 11451500 197 a9 3.0 52 40 34,0 1.7
29 11451530 78 3.10 27 3,0 50 142 3.0 1.2
30 11451700 112 4,49 25 2.2 52 147 kK PY ) 1.3
31 11453150 233 «25 55 4,5 S0 917 -8 1.8
32 11453200 8,35 80 5.8 46 466 3.9 1.9
33 11453500 113 52 3.5 49 55 21.6 1.6
34 11453700 234 «87 25 3.2 49 ATE 2.0 1.1
35 11453800 115 o TH 32 3.4 50 484 2.1 1.3
36 11454000 574 kl} 3,0 49 18 64,1 7
©37 114540200 114 .05 1389 -] o3
38 11455950 235 4,50 50 3.7 49 a7l 4,2 let
39 11456000 8]1,4 48 3.3 49 46 19,4 5
40 11456400 236 1.04 3s 3.7 49 57S 2.2 l.1
41 11456500 52.1 s 3,3 49 140 14,3 1.0
42 11457000 17,4 35 3.3 49 72 10,8 1.2
43 11458200 9.79 30 2.4 48 258 8.9 l.1
44 11458400 237 6,07 kl.] 3.5 46 407 4,0 17
45 11458500 58,4 as 3.0 46 82 17.3 8
46 11459000 30,9 28 3.0 43 95 10,3 o
47 11460000 18,1 42 3.0 42 125 T«5 5
48 11480100 4,69 3a 2.6 43 181 3.3 3
19 11460150 203 6,38 40 4,0 40 k1T 4,5 9
50 11460170 7.83 30 2.6 42 73 T.3 2
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magnitude-frequency relations at gaging stations

Basin characieristics are described in text section “Drainage Basin Characteristics.”
*Indicates stations not included in regression analysis,

Basin characceristic Fenklgischarsa. in cubic feet per second
Surface= Foreat- Station
z:;:::?: 1‘;:::1:1, 2-year 5=year 50=year 100=-year number
{percent) |(percent)
NORTH COAST REGION--Continued
0 100 701 1100 1370 1730 2000 2280 11341550
23 93 iTa0n 27000 33709 42400 49100 L5900 11342000
o 99 16140 12800 16500 21600 25500 29600 11372000
S3 6310 106000 12600 16000 18600 21200 t137a400
[ k1 s 19 23 27 11375600
L 100 56 88 110 139 161 163 11375830
o a0 17 3z 4o A0 74 a8 11375950
.04 17 22000 37400 48600 63800 15700 88000 11376000
¢ 100 4 76 97 l2e 148 171 11373700
o v2 4140 7560 10200 13800 16700 1%700 11379500
o0l 84 6210 9350 11500 14200 16200 14200 11380500
¢ 40 S8 8l 95 113 126 138 11381990
0 98 6610 13600 19600 ~  2R400 35900 44100 11382000
11384400
0 90 19 a7 52 72 90 109 11380700
11386200
11386300
0 98 16 40 63 160 134 L74 11388400
2. 1 71 11386450
a T0 23 11387900
0 ap 27% G4 ) 574 1400 Ivra 2500 11350680
0 95 956 1330 1960 1450 2060 2270 11448500
o 8s 1578 2360 2890 as7o %070 #570 11448900
0 S a8 107 178 ang 42] 565 11649060
o 20 250 490 s8n O F 1210 1470 11649350
1. 83 1600 11645459
1, as 865 llea94p0
) 96 7830 12800 1A200 20600 23400 27000 11451500
¢ 99 124 234 RETA a7 547 653 11451539
0 as 214 71 700 1050 1360 1710 11451700
0 as 30 %5 55 6% 78 8& 11453150
o 100 19880 3010 3700 N 526y 5930 11453200
«05 89 123n4 20800 26700 34000 39400 w500 11453500
1. 95 124 222 292 3IAH 463 B42 11453700
] 100 148 211 25¢ 303 340 377 11453800
«18 L 27800 48000 62900 43300 99400 114080 11454000
114504020
0 85 532 738 870 1630 1150 1260 11455950
223 L 6550 9560 11500 13900 15704 17400 11456000
0 %6 53 100 137 191 215 2A2 11456400
25 a7 212n 5290 81360 13400 18100 23500 EF656500
0 2% 1290 2590 J6T0 5270 6620 BALO 11457000
] 98 1190 1310 1370 1440 1490 1530 11458200
o gl t13n 1750 2190 2754 31A0 1600 L1458400
<14 T2 6180 7640 8500 9490 10200 10860 11458500
« 0l 1 11A0 150u 1690 1920 2070 2220 1145%000
0 L1 2240 2920 3320 Jao00 )30 4450 11460000
] 79 517 Llaboloo
0 a0 770 1310 1700 2260 2640 30990 11460150
1. 90 llesglto
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TABLE S.--Basin characteristics and flood magnitude-

Baain characterisecic
Mean Hean
FFSDA Precipi- annual Main
nu‘g Sta;:un site Drlinl:t ann:al tation potential | channel sai:el :i;1:Ud§
umbeT pumd ex number drea, precipi- intensicy |evapotran- | slope,§ 1c anh L] Cch X da
(square tation tndex,I Japiration [(feer per ?ngi M iugant)
miles) 4 {inches) E mile) miles) of tee
{inches} {inches)
NORTH COAST REGION--Continued
S1 Ll4a0asd 04 l.T4 45 1.5 a2 197 2.5 0.3
52 11460900 205 25 a8 2.8 sl sis 8 b
53 11460920 15,7 44 2.8 L L) 50 «8 3
54 11460940 14,1 40 3,5 40 °80 LT 1+3
55 11461060 99.7 (1) 3.8 (1] 54 lé. & 1.0
56 11es]400 238 +15 40 3.7 45 900 b 1.2
57 11sa8212% 239 «57 45 3.7 43 548 1.0 1.5
58 11462500 62 40 4,1 L1} F1.] 3l.8 9
59 114832409 82,13 1) 3.4 46 147 20,2 1.9
60 11483940 15.7 38 3,% (1] 55 5.9 «3
61 11464000 791 4T Sk L L) 9 80,0 L)
62 11464050 2490 119 8 S.l 43 122 1.9 le#
63 11464500 a7.8 sh 5.8 45 31 21.3 .
64 11485050 241 2.2 41 6.2 1] 184 2+4 b
65 114565800 12,5 s 3.2 4h 150 8,2 1.0
66 11447000 1340 42 4,5 L2 ] 9 9,9 ok
67 1146T040x 206" oll 15870 5 1.0
684 11467300 207 19 &5 bk 40 BS0 1.0 9
69 11467500 161 60 6.0 39 26 3.2 .
70 li§67560 208 »54 (3. 3.8 3a 428 1.5 v
71 11as7850 209 1.53 55 L ) 2 284 1.9 1.8
72  1lasT8890 210 -1 45 4.2 40 151 le6 1]
73 11448000 303 S0 5.0 40 24 S6.6 b
74 11468010 16,4 L1 3.7 a9 15¢ 5.5 )
75 11468020 211 40 55 3.7 8 3ie .8 oh
76 11468085 212 . x| 55 3.5 k] 970 1.0 N
r¥7 11468150 213 W&l s 3,2 37 162 1.3 w2
78 11468500 104 L] hyb a9 20 26.2 o7
79 11468540 12,5 51 3.3 ar 990 TS vh
a0 11468850 214 1,88 55 4,2 e[ 618 1.8 '8
© 81 11458880 3 N1} 80 4. kY 148 let 1.2
TB2 11469000 240 82 4.5 a0 19 59,7 'y
—+g3 14695700 E0. 4 13 80 3.7 30 1340 s 2.0
84 11469600 20 1,49
45 11469650 92 6,18
86 11469800% 9L +81
87 11470700 79 1,39 45 5 48 1050 243 2.7
88 118472170 {i] Tl 48 4,2 LY 120 1s1 1.8
a9 11472200 16l a2 5.0 41 235 29.5% 1.3
90 11472700* a9 3,36
91 11473000 387 &0 3.5 48 132 34,8 2.8
92 11473530= 17.1 40 3.6 3 300 Geb 2.2
93 11473570 [: B 26 50 3.6 [ 22 10940 1.0 Z+3
94 114713600 1%5.2 43 3.3 44 15¢ T.7 1.9
95 11473700 96.9 43 1.5 a7 121 16.5 2.0
36 11473980 82 3.8 5 4.0 44 613 1,4 240
97 11474000 La8s 60 3.9 L) 28 71,0 l.8
1 11474430 81 18 a2 4,5 41 1300 8 [ L2
a9 11474500 250 80 3.% L1 50 33.) 1.7
100 1la7aST0 84 2.84 s7 3.0 4l .11 1.7 3.2
101 1175000 2107 68 5.0 43 18 120.2 1.3
Lo2 11475%09 4.9 T4 4,0 L1 bk | 16.9 1.7
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Sfrequency relations at gaging stations--Continued
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AL
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is}
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{percent) |[(percenc)
NORTH COAST REGION--Continued

¢ 0 a7l HE2 S50 &30 adn Ta0 llsnbaad
0 10 3n 51 .19 A7 103 liv li1aa0900
0 %0 1430 1990 2340 21 Josg 3494 11460920
1. 11 1850 2600 3van 3670 4109 “S20 tlep0y60
2.80 1 8380 131640 15300 19300 21400 24300 Ila&lgno
0 o7 J& a3 as 114 143 171 l1laslapo
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o T9 48 33ann S0500 62100 7000 aalnag YU200 1464000
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«TD 75 640N &5B700 #3600 102000 116900 130000 11467000
24 40 53 69 ¥ 95 L1467040
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01 92 260010 38600 . &T100 S7900 65u00 T804 lla&7%00
4] 100 T3 94 114 132 145 158 11467960
+] 100 95 20% aotl 4Hi8 S74 7 ll14478SO
0 40 52 a9 116 154 184 215 11467RR0
I/ 93 21100 JHL0G 51840 T0600 45300 102000 llaebs8n00
O BS 1300 2199 2850 37310 4uw30 Slaf 11468010
14 &0 &7 70 -1 107 122 137 11468020
0 100 22 ' 116468085
1] 40 62 80 91 104 113 121 11468150
«03 100 8450 14600 19300 25600 L1 ELY. 1] 11458500
¢ 1) 105# 1146H540
0 100 116_ 173 211 259 29% 331 11464850
L ] 100 158 232 281 Juz 184 433 t1a6B8BAQ
0 95 4014040 56200 84500 13¢00 28100 369090 11469000
0. 20 10 16 20 29 30 34 11669570
’ 11469600
11469650
11465800
[ | 5.1 ] 112 Ile70700
0 90 8% 129 155 188 ell 235 11472170
#01 az 17200 26900 33600 42300 48500 S5%500 l11a72200
Llav?2?00
«0) 108 32500 60160 41700 112000 137000 Lewnou 11473000
] 90 11473530
a 100 29 43 57 75 90 105 11413570
+] 95 151¢ 2260 2770 3410 Juaqu «370 11473600
54 7630 11200 13600 1A&NG ig3ano 21000 1la?3?a0
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TABLE 5.--Basin characteristics and flood magnitude-

Basin characteristic
I Mean
FFSDA Mean Precipi- ann:al Main
Hap Station Crainage | annual Main Altitude
site tation potential | channel
numbet number area, A jprecipi- channel{ index, H
number ’ intenslty jevapotran-| slope,5 '
{aquare tation . length,L] (cthousands
ndex,I |[spirarion |{feet par
miles) P (inches) E aile) (miles) of feet)
(inches) |'*7C"® @
{inches)
NORTH COAST REGION--Continued
103 11475860~ 6,50 : a0 4,3 36 420 5.0 2eh
104 11475690 85 2.90 »8 5,2 40 are 3.7 1+9
105 11478700 56,3 12 5.0 41 27 14,2 ls8
106 11475900 86 26 70 .6 36 1320 . 3.3
107 11476500 537 73 5.0 ia 22 TT45 9
108 11aT77000 3113 b4 4,5 3l 13 173,2 1.0
109 1la77700 36.2 70 4,3 40 119 13.7 3.0
110 11477870 87 « 39 68 3.4 kl] 1100 ie0 246
111 11478400 -3 + Tl 52 37 3s 955 l.2 9
112 11478500 222 70 4.5 &0 62 47,6 1.7
113 11478800 s «53 60 4.3 as 703 1.2 340
114 11479700 44,2 54 3.3 o 113 15,2 o7
115 11480000 6,05 S8 3,4 30 299 3.8 1.8
116 1ls80700 " - g 12.1 65 3.8 34 54T 7.5 Le#
117 }:¢alg:o o 485 aT A0 a0 as 10044 1.5\//
118 481200 - 44,4 55 4.0 a0 13% 15.2 .9
119 11481300~ bed +10 60 3:6 30 539 :6 .1
120 11482400 | Ryl &0 4.7 3o as2 1.1 9
121 11482500 278 &8 5.0 32 a 61 .4 8
122 11517840 35 2,90 3as 4TS 34 520 4.5 3,0
123 1151im3]0 kY 99 22 3.1 a9 482 1.5 J.b
124 11518a00 37 +80 50 2.8 as 189 1,0 Fe b
125 1151a8&l0 38 Y 1] 1.8 k1] 12a8¢ ls2 4.0
126 11519500 653 as 3.0 39 3] S4, 0 3.3
127 11820520 39 13,0 60 ' aa 33 53] 7.3 3.0
128 11521509 120 75 5.0 k } 121 15.1 2.7
129 11822210 40 l.19 55 4.5 33 1180 1.6 1.8
130 11522260 41 9,46 70 LT 33 s77 6.0 426
131 1522300 252 S8 3.5 38 268 30,7 3.3
132 115224307 43 6,87 40 4.0 36 %41 5.0 2.8
133 11522500 751 55 S.9 34 TO 55.5 2l
134 11522900 g 1.93 5% 1,9 s sl 1.8 1.5
135 11523060 10 «90 50 3.8 3 13%0 l.8 240
13